American trypanosomiasis is a common zoonosis in Colombia and
Trypanosoma cruzi is a zoonotic protozoan parasite that is perpetuated in nature through a transmission cycle that involves triatomines, the invertebrate vectors, and wild mammal reservoirs. Eventually, with the adaptation of the insects to human dwellings, a domiciliary cycle is established and domestic animals may became reservoirs of T. cruzi. The proximity of the domiciliary transmission cycle to humans results in the latter becoming an accidental host, and victim of Chagas disease.
Biochemical and molecular markers have been investigated in order to find correlations between T. cruzi phenotypes or genotypes and the different biological and epidemiological features of these adaptable organisms. Studies based on enzyme electrophoretic profiles (Miles et al. 1977 (Miles et al. , 1978 (Miles et al. , 1980 identified three distinct zymodemes of T. cruzi isolates in Brazil: zymodeme 1 (Z1) and 3 (Z3), associated with the sylvatic environment, and zymodeme 2 (Z2) with the domestic transmission cycle.
A high degree of variability was corroborated and extended when more loci where analyzed and after the application of a plethora of distinct molecular methods (Morel et al. 1986 , Tibayrenc & Ayala 1988 , Macedo et al. 1992 , Henriksson et al. 1996 . Nevertheless, this diversity could not be consistently correlated with a particular clinical presentation, epidemiological circumstances of transmission or geographical origin.
Despite the aforementioned diversity, PCR amplification of sequences from the 24Sα ribosomal RNA gene and from the mini-exon gene non-transcribed spacer, demonstrated a dimorphism among T. cruzi isolates (Souto et al. 1996 , Fernandes et al. 1998a that correlates with Z1 (T. cruzi I) and Z2 (T. cruzi II) (Fernandes et al. 1998a (Fernandes et al. , 1999 . Further analysis of the mini-exon gene of Z3 isolates defined this group as a discrete cluster but related to T. cruzi I (Fernandes et al. 1998b) .
In Colombia, Saravia et al. (1987) observed that isolates from different hosts, ecological settings and geographic locations belong to Z1 and/or Z3. Zymodeme 1 stocks were found to circulate both in the sylvatic and domestic environment and Z3 was found exclusively in the sylvatic cycle. Further biochemical and molecular analysis of Colombian T. cruzi strains from several distinct geographic origins confirmed the previous findings and the geographic confinement of certain stocks was described (Jaramillo et al. 1999 ).
In the current report, using a multiplex PCR assay based on the non-transcribed spacer of the mini-exon gene (Fernandes et al. 2001 ), 14 Colombian Trypanosoma isolates from distinct hosts and geographic regions were typed, observing that they could be clustered into T. cruzi I (ten stocks), T. cruzi Z3 (two stocks) and T. rangeli (two stocks). T. dionisi was used as a negative control confirming the specificity of the proposed primers (Fernandes et al. 2001) , showing no amplified products (Table, Fig ure) .
Intra cluster heterogeneity was investigated using a typing approach based on the variability of the internal transcribed spacer (ITS) of the ribosomal cistron (rDNA). Oligonulceotides were used to amplify the region corresponding to the 5.8S rDNA plus the two flanking ITS as described elsewhere (Cupolillo et al. 1995 , Fernandes et al. 1999 . The PCR products were further submitted to RFLP analysis with six endonucleases (Rsa I, Hae III, Eco RI, Taq I, Bst UI and Sau 3AI). DNA fragments were sized after acrylamide gel electrophoresis and silver staining. The restriction profiles were analyzed by a numerical methodology (Jaccard's coefficient) and the generated matrix was analyzed by unweighted pair-group method with arithmetic averages (UPGMA) generating a phenetic dendrogram ( Figure) .
The analysis shows that all isolates typed by miniexon gene as T. cruzi I constituted a single cluster having two clearly demarcated groupings with a low level of similarity between them (0.233-0.676). The two Z3 isolates clustered together as a separate branch. T. rangeli strains defined another cluster, and T. dionisi was found to be the most divergent species among the group of strains analyzed. The two typing markers produced congruent results. The three principal clusters observed in the phenogram were corroborated by the multiplex PCR experiments, giving products of 200bp, 150bp and 100bp to T. cruzi I (TcI), T. cruzi Z3 (Z3) and T. rangeli (Tr), respectively ( Figure) . However, while intra-group polymorphism was revealed by the RFLP of the ITSrDNA no variation was observed in the size of the amplified spot of the nontranscribed spacer of the mini-exon gene, among isolates from the same group.
The two Z3 isolates present a low level of similarity between them. Both Z3 stocks were derived from the same tropical rain forest region (Tumaco, Southwest Colombia) but from different mammal hosts (Rattus sp. and Dassypus sp.). The genetic diversity found in Colombian Z3 isolates may be the reflection of its participation in the sylvatic cycle with the extreme biodiversity of putative mammals and vectors and therefore an increased possibility of independent cycles of transmission and selective pres- Travi et al. 1994; b: Saravia et al. 1987 ; c: zymodeme classification was previously described by Saravia et al. (1987) . The isolate Choachí 6 was kindly provided by Dr Felipe Guhl, Universidad de los Andes, Bogotá, Colombia; ND: not determined. TC I: T. cruzi I; Z-3: zymodeme 3; SW: Southwest; SE: Southeast; CE: Eastern central; C: Central region. Code corresponds to the number depicted in the figure. sures by different hosts. Cycles of genetically distinct parasites may be maintained in nature within specific hosts present in the same ecotope (Fernandes et al. 1999 Likewise, the two T. rangeli stocks were positioned in the same branch but had a low level of similarity. This may be attributable to the different host (Didelphis marsupialis and Rhodnius prolixus) or geographic origin (Southwest and Central-East Colombia) of the parasites. However very limited heterogeneity was detected among 16 strains of T. rangeli from different geographic regions and epidemiological circumstances in Colombia based on 13 different isoenzymes . Hence it is possible that this particular marker is more polymorphic than constitutive enzymes. It is interesting that two groups of T. rangeli were previously described by Vallejo et al. (1994) when amplifying the conserved region of minicircle molecules. Polymorphism among strains from distinct geografical origin was also evidenced using the mini-exon primary DNA sequence and low stringency single specific primer PCR (LSSP-PCR) profiles (Grisard et al. 1999) . Therefore, as different markers are examined the finding of polymorphism among T. rangeli isolates is becoming a common observation.
The heterogeneity among T. cruzi I from Colombia, as shown in the phenogram, may be attributed to the different host origin of the isolates and suggests a complexity of the sylvatic transmission cycle in this area (D'Alessandro et al. 1984 , Loyola et al. 1987 , Travi et al. 1994 . Both invertebrate (triatomines) and wild mammalian hosts may be acting as biological filters selecting parasite sub-populations, resulting in the presence of T. cruzi I as a predominant group in Colombia. In this country, the description of Z1 circulating in both the domestic and sylvan environment may seem to contrast with the findings in Brazil, where this zymodeme is preferentially associated with the sylvatic cycle. Lainson et al. (1979) stated that cases of Chagas disease in the Brazilian Amazon might be derived from sporadic visit of wild triatomines to human dwellings near the forests or from the eventual contact of the inhabitants of a specific area with the sylvatic cycle of the parasite. Therefore, it is difficult to define the limit between the domestic and sylvatic environment in this setting. Probably, this is the same ecological scenario that occurs in Colombia, explaining the finding of Z1 in both the domestic and sylvatic transmission cycles of the parasite. T. cruzi I has been associated with low morbidity areas in Brazil (Fernandes et al. 1998a ) and this may be the reason for the high rate of assymptomatic Chagas patients in Colombia. Consistent with the findings presented herein, the phylogenetic tree generated by UPGMA algorithm with Nei's genetic distance based on MLEE (13 loci) of 23 Colombian T. cruzi isolates (Ruiz-Garcia et al. 2000) shows two sub-populations of T. cruzi. However, no definition concerning T. cruzi groups (T. cruzi I, T. cruzi II or T. cruzi Z3) is assigned to any of the two major branches.
Our study shows two groups of T. cruzi: T. cruzi I and Z3, associated with transmission cycles in Colombia, independently of the geographic origin of the isolates. Further work, particularly the analysis of sets of strains from sites where sylvatic and domiciliary transmission occur together and evaluation of pathogenicity in model systems as well as the inclusion of new markers will be necessary to assess the implications of the presence of these specific sub-populations in the epidemiology of American trypanosomiasis in Colombia.
